In this study, we assess the neuropsychological profiles of both early and late symptom-onset obsessive-compulsive disorder (OCD) patients. The early and late-onset OCD patients are compared to the control group with a series of neuropsychological measurements. The late-onset OCD patients exhibited impaired performance on the immediate and the delayed recall conditions of the Rey-Osterrieth Complex Figure Test (RCFT) and the letter and category fluency of the Controlled Oral Word Association Test (COWA), compared to the normal controls and the early-onset OCD patients. The controls and early-onset OCD patients did not differ on any of the neuropsychological measurements taken in this study. These results suggest that different neurophysiological mechanisms are in play in early and late-onset OCD patients, and age of onset can serve as a potential marker for the subtyping of OCD. (JINS, 2007, 13, 30-37.) 
INTRODUCTION
Obsessive-compulsive disorder (OCD) is characterized by obsession and compulsion severe enough to interfere with a person's ability to function on a daily basis (American Psychiatric Association, 1994) . Recently, a growing body of evidence, in particular the results of neuroimaging studies, appears to suggest that OCD is a brain disorder involving neural loops that connect the prefrontal area and the basal ganglia (Mataix-Cols et al., 1999; Rauch, 2000) . Brain imaging techniques, including computerized tomography (CT) and magnetic resonance imaging (MRI), have revealed morphological changes in the basal ganglia or frontal lobe of OCD patients (Grachev et al., 1998; Hoehn-Saric & Greenberg, 1997; Kim et al., 2001; Szeszko et al., 1999) . Positron emission tomography (PET) and functional magnetic resonance imaging (f MRI) studies have also revealed abnormal activation in the striatum, orbitofrontal cortex, thalamus, and cingulate gyrus during the resting state (Baxter et al., 1992; Perani et al., 1995) , as well as symptom provocation (Rauch et al., 1996; Shin et al., 2006) and cognitive activation (Pujol et al., 1999; Rauch et al., 1997) .
Unlike brain imaging studies, neuropsychological studies have shown impairments in various cognitive domains in OCD patients. For example, some studies have reported deficits in attentional set-shifting ability and response inhibition in OCD patients (Head et al., 1989; Martinot et al., 1990; Veale et al., 1996) . Others have found deficits in the visual memory and visuospatial ability (Christensen et al., 1992; Savage et al., 1999; Shin et al., 2004a Shin et al., , 2004b Tallis et al., 1999) . In addition, motor slowness or impairment of spatial working memory in OCD patients has been reported (Mataix-Cols et al., 1999; Purcell et al., 1998) .
These inconsistent neuropsychological findings may be attributable to heterogeneity with regard to certain aspects of patient selection, including clinical status of the subjects, or obsessive-compulsive symptoms evidenced (Schmidtke et al., 1998) . Because these inconsistent findings render it fairly difficult to link the cognitive impairments associated with OCD patients to a specific underlying neuropathology, several attempts have been made to classify OCD patients, based on their symptoms (Arts et al., 1993) , clinical course (Ravizza et al., 1997) , or genetic information (Pauls, 1992) .
Attempts have also been made to subtype OCD based on the age of symptom onset. Some studies have reported that early and late-onset OCD patients differ with regard to therapeutic outcomes and clinical characteristics. For example, Rosario-Campos et al. (2001) reported that adult earlyonset OCD patients tend to exhibit less favorable therapeutic responses to selective serotonin reuptake inhibitors (SSRIs) than do late-onset OCD patients. In addition, Jaisoorya et al. (2003) observed a higher incidence of comorbid tic disorders in early-onset OCD patients than in lateonset OCD patients. Furthermore, brain-imaging studies have indicated differences between early and late-onset OCD patients in terms of brain structure and function. For example, volume reduction and0or hypermetabolism in the striatum have been consistently observed in early-onset OCD patients (Gilbert et al., 2000; Kim, 2003) , but these structural and0or functional abnormalities have not been consistently observed in the striatum of late-onset OCD patients (Aylward et al., 1996) . Contrary to the results of clinical and neuroimaging studies, Roth et al. (2005) reported that the late onset OCD patients obtained poorer scores on measures of executive function and auditory attention than the early onset OCD patients.
The classification of OCD into subtypes with distinct characteristics would clearly be valuable with regard to our current understanding of the pathophysiology of OCD, and might also prove useful in the development of effective treatment strategies. In this study, we have attempted to compare the neuropsychological profiles of early and lateonset OCD patients, in order to determine whether the age of symptom-onset might serve as a potential marker for the subtyping of OCD.
METHODS

Subjects
Twenty-four early-onset OCD patients (onset age Յ17), and 24 late-onset patients (onset age Ն21) were recruited from the OCD outpatient clinic of the Seoul National University Hospital. All of the study patients met the criteria of the Diagnostic and Statistical Manual of Mental Disorders-IV (DSM-IV) for a diagnosis of OCD (American Psychiatric Association, 1994) , based on the Structured Clinical Interview for the DSM-IV (SCID: First et al., 1996) . Because there is no agreement regarding the age that defines the early and late-onset OCD at present (Hemmings et al., 2004; Rosario-Campos et al., 2001) , we have chosen the early and late-onset OCD as having onset of symptoms at age 17 or earlier and at age 21 or later, respectively, based on a bimodal distribution of onset age, having two peaks separating each other with cutoff value of ,17 for early onset and .21 for late onset OCD. All patients with histories of head injury, medical0neurological disorders, or alcohol and drug abuse were excluded from this study. However, the presence of any comorbid Axis I diagnosis did not necessarily constitute an exclusion criterion, if OCD was the primary diagnosis. Among 48 OCD patients, 1 had been diagnosed with dysthymia and 1 with social phobia. Also, one patient had been diagnosed with anorexia nervosa, and one with ADHD. The information was collected regarding age of symptomonset, at which the patients began to exhibit obsession or compulsion.
Twenty-four normal controls were recruited by advertising within the hospital and community colleges. These controls were matched to the patient groups by age, gender, years of education, and IQ. IQ was estimated by the Korean version of the Wechsler Adult Intelligence Scale (K-WAIS; Yum et al., 1992) . Each of the three groups (early-onset OCD, late-onset OCD and normal controls) consisted of 12 men and 12 women. The research was completed in accordance with the Helsinki Declaration. This study was approved by the institutional review board at Seoul National University Hospital, and written informed consent was obtained from each participant. The controls were paid for participation in the study.
Neuropsychological Measurements
The following neuropsychological tests were administered during a single session, which lasted approximately 1 hour and 30 minutes. The Rey-Osterrieth Complex Figure Test (RCFT) was administered in order to evaluate nonverbal memory and visuospatial construction ability (Lezak, 1995) . The administration of this test involves three conditions such as a copy, an immediate recall (3 minutes after copy condition) and a 30-minute delayed recall condition. The accuracy with regard to each condition was scored based on the system established by Meyers and Meyers (1995) .
The Controlled Oral Word Association Test (COWA) was administered, in order to evaluate the patients' verbal fluency. The total number of responses for the letter and category was scored separately.
In order to measure a field of related abilities, including abstract concepts, problem solving, and shifting mental sets, the Wisconsin Card Sorting Test (WCST) was administered. The total number of correct responses, errors, perseverative responses, perseverative errors, and categories achieved were scored based on the scoring system established by Heaton (1981) .
The Trail Making Test (TMT), part A and B, was administered. TMT is considered particularly effective for the evaluation of visual search ability (Reitan & Wolfson, 1985) ,
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set-shifting ability, and controlled attention (Lezak, 1995) . This test is scored according to response time and total number of errors. In order to estimate IQ, we administered the vocabulary, arithmetic, block design, picture arrangement, and digit span, which are subtests of the K-WAIS (Silverstein, 1989) .
Clinical Measurements
The severity of OCD symptoms was evaluated by the YaleBrown Obsessive-Compulsive Scale (Y-BOCS; Goodman et al., 1989) . Depression and anxiety severity were also assessed, using the Beck Depression Inventory (BDI; Beck et al., 1961) and the Beck Anxiety Inventory (BAI; Beck et al., 1988) .
Statistical Analysis
Analysis of variance (ANOVA) was used to compare the demographic and clinical characteristics of the three groups (early-onset OCD vs. late-onset OCD vs. control). Group differences on the neuropsychological test scores were evaluated with ANOVA, and significant ANOVAs were followed by post hoc analyses using Fisher's least significant difference (LSD) test. Statistical significance was set at p , .05, and all of these analyses were conducted using the SPSS 11.0 software.
RESULTS
Demographic and Clinical Data
As shown in Table 1 , the three groups exhibited no differences with regard to any of the demographic features, including age, gender, years of education, and IQ. The early-and late-onset OCD groups, however, showed significantly higher scores on the BDI, [F(2,69) 5 17.11, p , .001], and the BAI, [F(2,69) 5 19.28, p , .001], than did the control group. No significant differences were observed between the two OCD groups with regard to any of the clinical measurements, with the notable exceptions of age of onset, t(46) 5 215.841, p , .001, and duration of illness t(46) 5 9.856, p , .001, which occurred significantly earlier and persisted longer in the early-onset OCD patients than in the late-onset patients.
Neuropsychological Measures
The performances of the three groups on the neuropsychological tests are summarized in Table 2 . The three groups significantly differed with respect to the performances on the RCFT and COWA. With regard to the accuracy of the RCFT, the group effect was observed on the immediate recall condition, [F(2,69) ence, however, was apparent between the early-onset OCD group and the control group, or between the early-onset OCD group and the late-onset OCD group. The late-onset OCD patients also exhibited poor performances on the delayed recall condition as compared to both the normal controls ( p , .001) and the early-onset OCD patients ( p , .01). However, we observed no significant differences between the early-onset OCD group and the control group with regard to the immediate and delayed recall conditions of RCFT. The group effect was also observed on letter, [F(2,69) 5 10.504, p , .001], and category of COWA, [F(2,69) 5 6.631, p , .01]. For letter, the late-onset OCD group showed significantly fewer responses than did the control group ( p , .001) and the early-onset OCD group ( p , .01), whereas no significant differences could be observed between the early-onset OCD group and the control group. In terms of category, the late-onset OCD group showed significantly fewer responses than did the control group ( p , .01) and early-onset OCD group ( p , .05). However, the control and early-onset OCD groups did not differ. No significant group effect was found on the performances of WCST and TMT. The observed group differences on the RCFT and COWA remained significant even after controlling for depression and anxiety using analysis of covariance.
DISCUSSION
In this study, we compared neuropsychological profiles of early and late-onset OCD patients, in order to determine whether the age of symptom-onset could serve as a marker for OCD subtype. The late-onset OCD patients showed poor performance on the immediate and delayed recall conditions of RCFT and COWA, as compared with the normal controls and the early-onset OCD patients. The controls and the early-onset OCD patients exhibited no differences on any of our neuropsychological measurements. Our results indicated that OCD patients exhibited different neuropsychological functions, depending on age of onset. Recently, Roth et al. (2005) investigated whether patients with early and late onset OCD differ with respect to neuropsycholog- ical functioning. Results revealed that the late onset OCD obtained poor score on measurement of executive function and auditory attention than early onset group. They suggested that early and late onset OCD may be the results of at least partially differing neurobiological mechanisms. These findings are also compatible with the results of this research. The RCFT has been used extensively as a measurement of visuospatial constructive ability and visuospatial memory (Lezak, 1995) . The precise cognitive operations required for adequate RCFT performance include visual perception, visuospatial organization, motor functioning and, on the recall conditions, memory (Chervinsky et al., 1992) . Chiulli et al. (1995) have suggested that conditions of the copy, immediate recall, and delayed recall provide different information. They have insisted that, whereas the copy condition reflects perceptual, visuospatial, and organizational skill, the immediate recall reflects the amount of information encoded, and the delayed recall condition reflects the amount of information stored and retrieved from the memory.
In this study, late-onset OCD patients exhibited poor performance on immediate and delayed recall, suggesting that the late-onset OCD patients are impaired, not only with regard to the encoding of information but also in terms of their ability to store and retrieve that information. Previous studies, which employed the qualitative analysis of RCFT suggest that the impaired performance on immediate and delayed recalls in OCD patients appear to reflect the impairment of encoding, which seems to result from a disorganized piecemeal approach to copying of the figure (Deckersbach et al., 2000; Savage et al., 1999) . For example, Savage et al. (1999) demonstrated, by multiple regression analysis, that poor performance on immediate recall was significantly mediated by copy organizational strategies. Deckersbach et al. (2000) also claimed that organization during the copy trial constitutes a strong predictor for subsequent immediate and delayed recall performances, because the organizational process of memory is crucial for the efficient encoding and retrieval of information. Therefore, the observed impaired performance on immediate and delayed recalls in the late-onset OCD patients possibly results from the impairment of encoding rather than the impairment of information storage or retrieval. Future study employing the qualitative analysis of RCFT would provide valuable information regarding whether the poor performance on immediate and delayed recalls reflect the impairment of encoding or impairment of information storage or retrieval in OCD patients.
The late-onset OCD patients differed from the controls and early-onset OCD patients with regard to their performance on the letter and category tests of COWA. The lateonset OCD patients generated fewer words than did the controls and early-onset OCD patients. Previous neuropsychological studies have yielded inconsistent results with regard to COWA. Some studies have reported significant differences between OCD patients and controls on COWA letter and0or category test (Christensen et al., 1992; Schmidtke et al., 1998) , but others have detected no differences between the two groups (Martin et al., 1993) . It has been suggested that COWA reflects the initiation of rapid and spontaneous thought and action, as well as self-guided, flexible behavior (Devinsky et al., 1995) . In addition, several studies have reported that COWA is sensitive to prefrontal dysfunction, and in particular, to dysfunctions of the medial and orbitofrontal areas (Crowe, 1992; Miceli et al., 1981) . For example, Pujol et al. (1999) observed abnormal activation occurring in the frontal area when OCD patients took the COWA test, and the abnormal activation was associated with the severity of OCD symptoms. In addition, activation of the bilateral frontal and temporal lobes has been observed during the performance of the COWA test by normal subjects (Cantor-Graae et al., 1993; Parks et al., 1988) . Therefore, poor COWA performance by the lateonset OCD patients would suggest that these patients suffer from a reduced initiation of spontaneous thought0action and flexible behavior, both of which may be mediated by the frontal-striatal system.
There was little difference between the OCD and control groups in terms of the WCST performance, which is widely used to measure the executive function. Previous studies reported inconsistent findings in terms of the WCST performance in OCD patients. For example, Head et al. (1989) reported a significant difference between OCD patients and controls, whereas Abbruzzese et al. (1995) and Roth et al. (2005) found no difference. Christensen et al. (1992) reported evidence for executive dysfunction becoming weaker in some studies where the educational level and0or verbal IQ of the subjects were well controlled. Therefore, the similarity in the OCD and control groups in terms of the WCST performance is most likely caused by the subjects' controlled educational level and0or IQ used in this study.
The early-onset OCD patients have been reported to exhibit stronger family loading, worse medication responses, and a higher frequency of comorbidity as compared to the late-onset OCD patients (Jaisoorya et al., 2003; Pauls, 1996; Rosario-Campos et al., 2001 ). All of these findings in earlyonset OCD patients provided the basis for the conjecture that early-onset patients would suffer from more severe neuropsychological dysfunction than would late-onset OCD patients. However, unexpectedly, the early-onset OCD patients exhibited no impairments in comparison to the normal controls, on any of the neuropsychological measurements taken. Even after the mood symptoms have been controlled, the late-onset OCD patients showed worse performance on the RCFT and COWA than did the early-onset patients. These results seem to reflect that the neuropsychological measurements taken in this study are not sensitive enough to the cognitive dysfunctions of the early-onset OCD.
In the light of the present findings, it certainly appears that there are different neurophysiological mechanisms underlying the conditions of the early and late-onset OCD patients, and age of onset can serve as a potential marker for the subtypying of OCD. These results are consistent with those of imaging studies. Previous studies have consistently reported that early-onset OCD patients exhibit reductions of volume and0or hypermetabolism in the striatum (Gilbert et al., 2000; Kim, 2003) , but these structural and0or functional abnormalities of the striatum have not been consistently observed in late-onset OCD patients (Aylward et al., 1996) . In addition, different patterns of brain activation were observed in OCD patients depending on the age of symptom onset. For example, Busatto et al. (2001) have reported that early-onset OCD patients showed abnormal resting blood flow in the anterior cingulate gyrus, orbitofrontal gyrus, and cerebellum; whereas late-onset patients showed predominant abnormalities in orbitofrontal cortex and precuneus. These findings suggest that there are different neurobiological mechanisms underlying early and lateonset OCD. However, future studies, employing both structural-functional brain imaging techniques and neuropsychological tests, should be conducted in order to clarify whether different neurophysiological mechanisms are, indeed responsible for early-and late-onset OCD. It would also be desirable to investigate a subclinical OCD group or a group of patients with OCD spectrum disorders, because neuropsychological dysfunctions, including impairment of visual memory and inabilities to manipulate visuospatial information, have also been observed in such patients (Braun et al., 1995; Mataix-Cols et al., 1999) . However, because we employed somewhat arbitrarily cutoff defining the early and late-onset OCD and the retrospective report from patients or family members regarding age of symptom onset, caution should be exercised before accepting the generality of the findings.
In summary, the late-onset OCD patients evidenced poor performance on immediate and delayed recall conditions of the RCFT and COWA, as compared to the normal controls and early-onset OCD patients. The normal controls and earlyonset OCD patients were not found to differ with regard to any of the neuropsychological measurements taken in this study. The poor performance on RCFT and COWA by the late-onset OCD patients persisted even after mood symptoms were controlled. These results indicate that different neurophysiological mechanisms are responsible for earlyand late-onset OCD, and age of onset can serve as a potential marker for the subtyping of OCD.
